Purpose. Streptococcus mutans is a primary cariogenic pathogen worldwide. In dental biofilms, S. mutans often faces lifethreatening insults, such as killing by antimicrobial compounds from competing species and from the host. How such insults affect the physiology and virulence of S. mutans is poorly understood. In this study, we explored this question by investigating the responses of S. mutans strains to several host defence peptides and bacitracin.
INTRODUCTION
Dental plaque is a natural biofilm that is characterized by its vast diversity (>700 species) and high cell density (10 11 cells g À1 wet wt) [1] [2] [3] . It is well known that many bacteria in dental biofilms produce bacteriocins or/and other antibiotic-like molecules, which are potent antimicrobials that are responsible for 'chemical warfare' in the community [4] . In addition, human saliva glands and oral mucosal cells secrete various innate defence peptides, such as a-defensins (HNP1-4), b-defensins (HBD1-3), LL-37 and histatins, which constitute the first line of defence to restrict the survival, growth and dissemination of microbes in the oral cavity and upper respiratory tract [5] [6] [7] . These antimicrobial peptides are largely cationic molecules that actively bind to anionic-charged components of the bacterial surface and disrupt the cell envelope integrity, restricting the overgrowth of oral microbes [6, 7] . The presence of antimicrobial molecules in the oral cavity is a common threat to microbial life. The sensitive detection and subsequent induction of appropriate resistance mechanisms is therefore a prerequisite for microbial survival and activities [8, 9] . It has been well known that the bacterial cell envelope provides such a major sensory interface between bacterial cells and their surroundings, playing important roles in signal sensing and adaptive response against these threats in the environment [8] . Thus, maintaining the cell envelope integrity and an effective response to these threats are crucial for microbial life in their natural ecosystems, such as in the oral cavity.
Streptococcus mutans is a Gram-positive bacterium that depends on a 'biofilm lifestyle' for survival and persistence in its natural community, dental biofilms [1] [2] [3] 10] . In dental biofilms, S. mutans is frequently exposed to antimicrobial compounds produced by competing species and host defence components [2, 4] . For example, bacitracin, a cyclic polypeptide antibiotic that is produced by certain species of the genus Bacillus, can target essential components of the cell envelope, and suppresses the biosynthesis of peptidoglycan by many Gram-positive bacteria [11, 12] . Interestingly, S. mutans has been known to resist bacitracin, and this property is often exploited in the isolation of this organism from the highly diverse oral microflora [13] [14] [15] . In addition to bacteria-derived antimicrobial molecules, human saliva glands and gingival and mucosal epithelia secrete many small defence peptides, such as a-defensins, b-defensins, LL-37 and histatins, which can reach levels of as high as 10 µg ml À1 [5, 6] . The concentration of these molecules in given locations can further increase during gingival, periodontal or mucosal inflammation [5] . These defence peptides bind directly to the bacterial cell envelope and disrupt the cell envelope integrity, restricting the dominance and invasion of many bacteria [7] . Despite the abundance of these defence peptides in human saliva, S. mutans appears to be insensitive to these antimicrobial molecules [6, 15, 16] . Although several mechanisms have been identified to be responsible for bacitracin resistance in S. mutans, little is known of how S. mutans copes with these host defence peptides commonly existing in the oral cavity.
We previously characterized a four-component system, the BceABRS system in S. mutans, which consists of an ABC transporter (BceAB) and a two-component system (BceRS), encoded by a four-gene operon [15] . We demonstrated that this four-component system functions in an orchestral manner to play crucial roles in bacitracin sensing, response and resistance in S. mutans. The evidence suggests that this four-component system may control a cell envelope stress response regulon required for the antibiotic detoxification and fitness of S. mutans in dental biofilms. However, it is unknown whether this peptide antibiotic-sensing and detoxification system is specific to bacitracin or is more general to many other peptide antibiotics. Since S. mutans does not produce bacitracin and the species of the genus Bacillus that produce bacitracin are not resident members in dental biofilms, we questioned why S. mutans requires such an effective detoxification system to cope with bacitracin in the oral cavity. Can this four-component system protect S. mutans from challenge or killing by other antimicrobial molecules, such as host defence peptides commonly existing in the oral cavity? In this study, we explored this question and provided evidence that the BceABRS four-component system is also involved in sensing, response and resistance to some host defence peptides, and is required for the biofilm formation and physiological fitness of S. mutans.
METHODS
Bacterial strains, media and culture conditions The bacterial strains and plasmids, along with their characteristics, are listed in Table 1 . S. mutans wild-type strain UA159 was grown on Todd-Hewitt medium supplemented with 0.3 % yeast extract (THYE), whereas all of the mutants, complementation strains and lux transcriptional reporter strains derived from S. mutans UA159 were maintained on THYE medium supplemented with either erythromycin (10 µg ml À1 ) or erythromycin plus spectinomycin (800 µg ml
À1
). The Escherichia coli host strain was grown in LuriaBertani (LB) medium supplemented with an appropriate antibiotic.
Synthesis of host defence peptides
The host defence peptides used in this study were commercially synthesized (BioBasic, Inc). The primary sequences of these peptides are: a-defensin-1 (CYCRIPACIAGERRYG TCIYQGRLWAFCC), b-defensin-3 (GIINTL QKYYC RVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKK), LL-37 (LLGDFFRKS KEKIGKEFKRIVQRIKDFLRNLVPRTE S) and histatin-5 (DSHAKRHHGYKRKFHEKH HSHRGY). All the peptides were purified (purity >85 %) by reversedphase high-pressure liquid chromatography, and their molecular masses were confirmed by mass spectrometry. The peptides were dissolved in sterile distilled water as stock solutions and further diluted to final concentrations as required in experiments.
Antimicrobial susceptibility test A broth dilution method was used to determine the minimum inhibitory concentrations (MICs) of the S. mutans strains against bacitracin (BioShop Canada, Inc) and chemically synthesized peptides [17] . Briefly, an aliquot of the mid-log phase cells [»10 6 colony-forming units (c.f.u.) ml
À1
] was inoculated into 200 µl well À1 (O.D 590 »0.02) of THYE broth containing a series of twofold dilutions of peptide antibiotics on a 96-well microtitre plate. The culture was incubated at 37 C for 20 h and the optical density was read at 590 nm using a microplate reader (Synergy HT, Biotek). All experiments were performed in triplicate in two independent experiments.
Construction of lux transcriptional reporter strains
To determine whether peptide antibiotics affected expression of becABRS operon, we constructed a lux reporter plasmid by fusing the promoter region of the bceABRS (PbceABRS) to a shuttle vector pAmilux that carried a promoterless luxABCDE. The vector pAmilux was selected, since it allows the detection of real-time reporter activity without the need for substrates [18] . The strategy and procedures for constructing the lux reporter plasmid are described in Fig. 1 . Briefly, a DNA fragment containing a 357 bp promoter region of bceABRS operon was generated by PCR using primer pairs of 5¢-GTGGGTACCTATCG TTATGCCAGTCA-3¢ and 5¢-CGGGGTCTAGAGCTTC TCCTTTTTATCAT-3¢, and purified and cloned into the BamH1 and Sal1 sites of the shuttle vector, pAmilux, to generate a fusion plasmid pPbceABRS-lux. The newly constructed plasmid was confirmed by restriction enzymatic analysis and sequencing. The confirmed plasmid was then transformed into S. mutans UA159 and its isogenic mutants to generate several lux report strains (Table 1) , while plasmid pAmilux was also transformed into S. mutans UA159 as a background control. All of the strains were then assayed for their luciferase reporter activities in response to a subinhibitory concentration of peptide antibiotics.
Luciferase reporter activity assays Two methods were used to assay the luciferase reporter activities of the constructed reporter strains in response to the peptide antibiotics. In the agar plate method, the reporter strains were grown overnight in THYE medium and then serially diluted, and aliquots of the cell suspensions were then taken to inoculate on THYE agar plates with or without the addition of a peptide antibiotic. The bioluminescence from the reporter strains was captured dynamically using a charge-coupled device (CCD) camera and the FluorChem SP image system (Alpha Innotech). The lux reporter activities of these strains were further assayed and quantified in THYE broth in response to each of these peptide antibiotics using a 96-well microtitre plate reader (Synergy HT, Biotek), which read both the optical density and the bioluminescence at 590 nm. The results were expressed as relative luminescence units (RLU) and plotted against the cell density readings of these strains in the same cultures.
Biofilm formation assay
To determine whether a gene deletion of bceA, bceB, bceR or bceS affected biofilm formation, all S. mutans strains were grown to develop biofilms using the method described previously [19] . Briefly, biofilms were initiated by inoculating an aliquot of the cells of each strain in a chemically defined medium (CDM) [20] plus 10 mM glucose on a 96-well microplate (300 µl) and a 24-well microplate (2 ml), respectively. The cultures were incubated anaerobically at 37 C for 20 h and the planktonic cells were removed. The biofilms on the 96-well microplate were air-dried and assayed for optical density readings at 590 nm using a microplate reader (Synergy HT, BioKet). The biofilms formed on a 24-well microplate were photographed immediately following the removal of the planktonic cells.
Scanning electron microscope (SEM)
Biofilms were allowed to form on cover slips sitting in a 24-well microplate. After 20 h incubation, the cell suspension was removed and each well was added gently with 1 ml of 3.7 % formaldehyde for fixation. After fixation for 1 week or so, the samples were dehydrated through a series of ethanol rinses (30, 50, 70 , 95 and 100 %) and dried at a critical point with liquid CO 2 . The biofilms were then examined under a scanning electron microscope (S-2500, Hitachi). A competitive fitness analysis To determine the effects of inactivation of the BceABRS system on the fitness of S. mutans, we established dual-strain mixed cultures for competitive index (CI) analysis of the mutants in terms of their ability to compete with the parent for persistence in the presence of a peptide antibiotic [21] . Mixed cultures of dual strains were initiated in a 24-well microtitre plate by inoculating a 1 : 1 ratio of a mutant versus the parent UA159. Cultures in the test group were added with a sub-inhibitory concentration of a peptide antibiotic, while cultures in the control group contained no peptide antibiotic. The microtitre plate was incubated at 37 C for 20 h before samples were taken for viable cell counts. The mutants were distinguished from the parent by growing the cells on THYE agar plates with or without erythromycin (10 µg ml
À1
). The dual-strain mixed cultures were also established in a chemostat model system by inoculating a 1 : 1 ratio of a mutant versus the parent. A steady-state culture of a bacterial pair was maintained at 37 C±0.5 with a temperature controller (R-600F, Cole Parmer), while the culture pH (7.2±0.2) was monitored by a pH meter via a digital pH controller (Consort NV Multi-parameter Analyzer R735). A 2Â diluted THYE medium plus 10 mM glucose was used for continuous cultures. When the culture reached the steady state, samples were taken to determine the numbers of each of the bacterial strains. The culture was then pulsed twice a day with a sub-inhibitory concentration (»0.5 µg ml À1 ) of bacitracin for 5 days. Samples were taken for viable cell counts using the same method as described above. CI values were obtained by determining the ratios of a mutant population to the parent population in the output samples divided by the ratio of these two strains in the input samples [21, 22] . Mean CI values between the samples with or without addition of a peptide antibiotic were plotted for comparison.
Statistic analysis
Whenever needed, the results were analysed by a Student's t-test and P values of 0.05 were considered statistically significant. Statistical analysis was based on the data obtained from triplicate samples in two independent experiments. Fig. 1 . A schematic diagram describes the strategy and procedures for constructing the lux reporter plasmid pPbceABRS-lux. A DNA fragment containing a 357 bp promoter region of the bceABRS operon was generated by PCR, purified and cloned into the BamH1 and Sal1 sites of a shuttle vector, pAmilux, generating the fusion plasmid pPbceABRS-lux (Amp r ). The constructed plasmid was genetically confirmed by restriction analysis and sequencing. The confirmed plasmid was transformed into S. mutans UA159 and its isogenic mutants (negative controls) to generate several lux reporter strains.
RESULTS
The BceABRS four-component system is involved in sensing and response to host defence peptides Previously, we demonstrated that the BceABRS fourcomponent system in S. mutans was essential for the cell envelope stress response induced by some cell wall-acting antibiotics such as bacitracin [15] . However, it was unknown whether this four-component system was required for sensing and response to host defence peptides that commonly exist in the oral cavity. In this study, we explored this question by examining the effects of four host defence peptides, namely a-defensin-1, b-defensin-3, LL-37 and histatin-5, against the S. mutans strains. Antibiotic susceptibility testing revealed that wild-type S. mutans UA159 was considerably resistant to these peptide antibiotics, with MICs of 20 µg ml À1 for a-defensin-1, 5.0 µg ml À1 for bdefensin-3, 15 µg ml À1 for LL-37, 25 µg ml À1 for histatin-5 and 50 µg ml À1 for bacitracin (Table 2) . However, the deletion of any one of the bceA, becB, bceR and bceS genes resulted in a mutant that was more sensitive (»2.5-10-fold) to these peptide antibiotics than the parent. Introducing a wild-type copy of the deleted genes into these mutants (complementation) in trans completely restored the resistance of these mutants to the peptide antibiotics tested. The results confirmed that in addition to bacitracin, the BceABRS four-component system was also involved in sensing, response and resistance to some host defence peptides that commonly exist in the oral cavity.
Bacitracin or b-defensin-3 at a sub-inhibitory concentration induces transcription of the bceABRS operon To determine whether the host defence peptides affected the expression of the bceABRS operon, we constructed a lux transcriptional reporter plasmid by fusing the promoter region of bceABRS to the shuttle vector pAmilux that contains a promoterless luxABCDE (Fig. 1) . After being genetically confirmed by sequencing, the constructed plasmid, pPbceABRS-lux, was transformed into S. mutans UA159 and its isogenic mutants (negative controls) to generate a series of lux reporter strains. We then examined the lux reporter activities of these strains in response to the peptide antibiotics by growing them on THYE agar plates with or without the addition of a peptide antibiotic. The result revealed that in the absence of a peptide antibiotic, none of the reporter strains showed visible bioluminescence light or lux reporter activity. However, the reporter strain of SmpPbceABRS-lux (wild-type background) showed significant levels of lux reporter activity in the presence of either bacitracin (0.5 µg ml À1 ) (Fig. 2a) or b-defensin-3 (0.2 µg ml À1 ) (Fig. 2b) , suggesting that bacitracin or b-defensin-3 at a sub-inhibitory concentration induced transcription of the bceABRS operon itself. Importantly, the transcriptional induction of the bceABRS promoter depended on the presence of an intact BceABRS system, because the reporter strains of the bceABRS deletion background strains showed little or no luciferase reporter activity (data not shown).
Next, we further quantified the lux reporter activities by growing the reporter strain Sm-pPbceABRS-lux in THYE broth with or without addition of a sub-inhibitory concentration of a peptide antibiotic. The results showed that in the absence of a peptide antibiotic, strain Sm-pPbceABRS-lux showed very low levels of lux reporter activity, and all the strains grew well under the tested growth condition (Fig. 3a-d) . However, adding a sub-inhibitory concentration of (a) bacitracin (0.5 µg ml
) induced significant lux reporter activity (P<0.01). Although the levels of the lux reporter activity varied with each of these peptide antibiotics, all of the strains appeared to grow as well as they did in the absence of the peptide antibiotic. The results suggest that S. mutans might normally maintain a low level of expression of the bceABRS operon, but it can be induced to a significant degree by the presence of a physiological concentration of a host defence peptide, such as adefensin-1, b-defensin-3 or LL-37 in the environment.
The deletion of becA, bceB, bceR or bceS affects the biofilm formation of S. mutans in response to a peptide antibiotic Next, we examined the effects of a gene deletion of bceABRS operon on the biofilm formation of S. mutans by growing the mutant strains in a CDM [20] . The results showed that in the absence of a peptide antibiotic, e.g. in the absence (À) of b-defensin-3, all the mutants formed similar biofilms to those formed by the parent UA159 and the complementary strain in terms of total biomass (Fig. 4) . The differences in the biofilms between the mutants and the parent were not significant (P>0.05). In the presence (+) of a sub-inhibitory concentration of b-defensin-3, however, UA159 formed a larger biofilm (P<0.05), while the mutants formed the same quantity of biofilm as they did in the absence of the peptide antibiotic. Introducing a wild copy of the deleted gene into the mutant only restored the wild-type biofilms in the presence of b-defensin-3. The results suggest that bdefensin-3 at a sub-inhibitory concentration induces biofilm formation in the wild-type S. mutans, but not in the bceABRS mutants.
We also examined the morphology of the biofilms formed by these strains in response to b-defensin-3 under a SEM. We found that in the absence of b-defensin-3 the biofilms formed by the parent (Fig. 5a1 ) differed slightly from the biofilms formed by the mutants (Fig. 5b1 and c1 ), which were characterized by relatively loose architecture and cluster formation. In the presence of a sub-inhibitory concentration of b-defensin-3, however, the parent UA159 formed a biofilm characterized by the increased formation of numerous micro-colonies (Fig. 5a2) , which was not observed in the mutant biofilms ( Fig. 5b2 and c2) or even in the parent biofilm without b-defensin-3 (Fig. 5a1) . Again, introducing a wild copy of the deleted gene into the mutant completely restored the wild-type biofilms ( Fig. 5d1 and d2) . The results suggest that a sub-inhibitory concentration of bdefensin-3 induced BceABRS-mediated biofilm formation by S. mutans.
Competitive fitness analysis
To assess the fitness of these mutants in response to a peptide antibiotic, we established dual-strain co-cultures forCI analysis by growing a 1 : 1 ratio of UA159 versus a mutant. The dual-strain mixed cultures were first developed in a 24-well microtitre plate in the presence or absence of a subinhibitory concentration of b-defensin-3. The results showed that all the mutants grew as well as the parent in the absence of a peptide antibiotic in dual-strain static cultures.
The CI values between the mutants and UA159 in the output samples were nearly the same as those in the input samples (Fig. 6a) . However, the numbers of each of the mutants decreased dramatically in the output samples in the presence of a sub-inhibitory concentration of b-defensin-3, resulting in CI values that were significantly lower than the input samples (P<0.01). To confirm these results, we performed further CI analysis by growing a 1 : 1 ratio of a mutant versus UA159 in a chemostat culture in the presence or absence of a sub-inhibitory concentration of bacitracin.
In the absence of bacitracin, the mutant appeared to maintain a relatively stable population with the parent, with CI values close to 1.0 (Fig. 6b) . No significant difference was observed in the CI values between the output and input samples (P>0.05). However, the numbers of the mutant cells decreased dramatically and the mutant cells tended to be washed out from the chemostat in the presence (periodic pulses) of bacitracin, resulting in decreases of the CI values between the output and input samples (P<0.01). Clearly, none of the mutants were able to compete with the parent in terms of persistence in the dual-strain mixed cultures in . The lux reporter activity was assayed by growing the reporter strain on THYE agar plates with (+) or without (À) b-defensin-3 (0.2 µg ml À1 ). The bioluminescence from the reporter strain was captured by a CCD camera using FluorChem SP image system. Top: agar plates photographed under white light. Bottom: the same agar plates photographed by CCD camera without light.
the presence of bacitracin, suggesting that the bceABRS mutants had reduced fitness for growth and persistence in the presence of a peptide antibiotic. Therefore, the mutants could not maintain their population sizes in the dual-strain mixed cultures in the presence of either b-defensin-3 or bacitracin. Taken together, these results suggest that the BceABRS four-component system is required for optimal fitness of S. mutans in response to potential antibiotic challenges, which could be an important asset for the virulence expression of S. mutans in dental biofilms.
DISCUSSION
In this study, we investigated the effects of bacitracin and several host defence peptides on the physiology and virulence of the cariogenic pathogen S. mutans. In particular, we examined the effects of a gene deletion of the bceABRS encoding a four-component system on the responses of S. mutans to these peptide antibiotics. We provide evidence that, in addition to bacitracin, the BceABRS fourcomponent system of S. mutans is also involved in sensing, response and resistance to several host defence peptides, such as a-defensin-1, b-defensin-3, LL-37 and histatin-5, commonly existing in the oral cavity. The data from this study support the notion that S. mutans containing a functional BceABRS peptide antibioticsensing system could protect the cells from killing by these host defence peptides, which S. mutans may encounter in the oral cavity. To the best of our knowledge, this is the first report to show that the BceABRS four-component system in Gram-positive bacteria is also involved in sensing and response to some host defence peptides. However, it remains to be studied whether this peptide antibiotic-sensing and detoxification system functions via the same mechanism as that by which S. mutans senses and responds to bacitracin, since the host defence peptides tested are small, linearized molecules, and they are structurally different from cyclic polypeptide bacitracin. It appears that the BceABRS system in S. mutans is not specific to bacitracin, but is more general to many other peptide antibiotics in the oral cavity. From an ecological point of view, this makes sense, because S. mutans does not produce bacitracin and many known bacitracin-producers, such as B. licheniformis and B. subtilis, are not resident members in dental biofilms [11, 12] . Therefore, it is reasonable to assume that S. mutans may need such an effective peptide antibiotic-sensing and detoxification system to cope with not only bacitracin, but also host defence peptides and bacteriocins produced by other species in the oral cavity. Another interesting finding from this study is that both bdefensin-3 and bacitracin at a sub-inhibitory concentration induce biofilm formation by wild type S. mutans, but not by any of the bceABRS mutants. The evidence suggests that sub-inhibitory levels of peptide antibiotics induce BceABRS-mediated biofilm formation by S. mutans. This finding appears to be consistent with previous studies showing that sub-inhibitory concentrations of antibiotics often induce the adaptive stress response and biofilm formation of various bacteria [23] [24] [25] [26] . It has been widely assumed that the ecological function of antibiotics in nature is to fight against competitors, which have made them a good example of the Darwinian struggle for life in the microbial world [23] . Based on this idea, it has also been believed that antibiotics at sub-inhibitory concentrations usually induce bacterial stress response and virulence rather than inhibitory or killing effects [23] [24] [25] [26] [27] . However, bacteria differ in their intrinsic susceptibility to antibiotics or host defence molecules [23] . In fact, the relative resistance of many opportunistic pathogens, such as S. mutans, to antibiotic molecules is now appreciated as an important virulence phenotype [15, 26, 27 ]. An increasing number of studies are showing that antibiotics at subinhibitory concentrations actually act as signals to induce adaptive stress responses and virulence in various bacteria [23] [24] [25] [26] [27] . Importantly, many of these adaptive stress responses induced by antibiotics are mediated by one or more specific signal sensing and response systems, such as the BceABRS system and the LiaSR two-component system [15, 28, 29] . This concept has recently resulted in the introduction of a new therapy by targeting bacterial stress response to enhance antibiotic action [30] . In the oral cavity, human saliva glands and gingival and oral mucosal epithelia secrete many defence peptides and the concentrations of these host defence peptides in a given location can reach levels of as high as 10 µg ml À1 [5] [6] [7] . The concentrations of these peptides can further increase during gingival, periodontal or mucosal inflammation [5] . Despite the abundance of these defence peptides in the oral cavity, S. mutans appears to be insensitive to physiological levels of most of these defence molecules, 5 . Scanning electron micrographs of the biofilms formed by S. mutans UA159 (a1 and a2), the mutants SmDbceA (b1 and b2) and SmDbceR (c1 and c2), and a complementation strain Sm-pCpbceR (d1 and d2) in the absence (upper row) or in the presence (lower row) of a sub-inhibitory concentration (0.2 µg ml) of b-defensin-3. The micrographs indicate that the sub-inhibitory concentration of bdefensin-3 induces biofilm formation by the parent (a2) and the complementation strain (d2), but not the mutant biofilms (b2 and c2).
suggesting that physiological concentrations of host defence peptides in the oral cavity are insufficient to kill S. mutans cells as long as it has an intact BceABRS fourcomponent system [15, 16] . However, physiological levels of these host defence peptides appear to be sufficient to induce cell envelope stress response, biofilm formation and virulence expression in S. mutans, and probably in other oral bacteria [15] .
To address this point, we have examined the effects of a gene deletion of the bceABRS operon on the fitness of S. mutans in response to peptide antibiotics by a competitive index (CI) analysis. Historically, CI analysis has been used to determine the degree of virulence attenuation caused by a gene mutation of a pathogen in an animal model [21] . This method has been modified as an alternative measure in in vitro model systems to examine subtle changes in bacterial phenotype and virulence due to a gene inactivation or deletion of a given organism [21, 22, 29] . CI analysis has become increasingly popular, because it reflects the survival and growth of a bacterial strain in numbers directly under a condition tested rather than working through the determination of the survival rates of host animals using an LD 50 test [21, 22] . Using CI analysis, we demonstrated that the inactivation of the BceABRS system results in reduced fitness of these mutants in terms of their ability to compete with the parent in the same culture containing a sub-inhibitory concentration of a peptide antibiotic such as b-defensin-3 or bacitracin. It is therefore reasonable to assume that S. mutans lacking the BceABRS four-component system likely reveals less fitness in dental biofilms exposed to physiological concentrations of peptide antibiotics, which potentially reduces the advantage of S. mutans to survive in dental biofilms.
In summary, this study reveals that the BceABRS fourcomponent system that is essential for bacitracin sensing and resistance in S. mutans is also involved in sensing and response to host defence peptides commonly existing in the oral cavity. We demonstrate that this four-component system is required for the biofilm formation and fitness of S. mutans in response to peptide antibiotics. We speculate that this system may play an important role in the adaptive response and virulence of S. mutans in dental biofilms. . An example of the dual-strain culture of SmDbceS versus the parent in the chemostat with periodic pulses (twice a day) of a sub-inhibitory concentration (»0.5 µg ml À1 ) of bacitracin. None of the mutants were able to compete with the parent UA159 in terms of persistence in the dual-strain cultures that contained a sub-inhibitory concentration of b-defensin-3 (+) or bacitracin (+).
